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Thesis dated May, 1980
Polymerization of acrylamide in dioxane at 20° using ^-butyl-
lithium as Initiator produced oligomers in 90 percent yield.
0 0
Acrylamide dimer (CH2=CH{!NHCH2CH2fi-NH2) was isolated from the
crude product by recrystallization from dioxane in 50 percent yield.
The structure of acrylamide dimer has been proven by NMR, IR and
elemental analysis.
Several derivatives of acrylamide dimer have been prepared.
These include (1) N-methylolacrylamide dimer (96 percent yield),
(2) N-methoxymethylacrylamide dimer (71 percent yield), and (3)
N-isobutoxymethylacrylamide dimer (80 percent yield). The structural
assignments of these derivatives are supported by nuclear magnetic
resonance spectrometry and infrared absorption spectroscopy. Their
solubilities in different organic solvents are also reported.
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INTRODUCTION
This research relates to the syntheses and characterization of new
monomers based on N-(2-carboxyamidoethyl) acrylamide, commonly referred
0 p
to as acrylamide dimer (CH2=CHC NHCH2CH2^NH2), including N-methylol,
N-methoxymethyl and N-isobutoxymethyl derivatives of acrylamide dimer.
1
Acrylamide monomer was first prepared in 1955. This new monomer
has long been known to produce water soluble polymers either through
copolymerization with other monomers or through homopolymerization.
The availability of acrylamide gave industry an effective means of
manufacturing reactive polymers - anionic, cationic, or nonionic in
character - to meet the requirements of modern technology.
The anionic polymerization of acrylamide in aprotic solvent was
found to lead to the formation of high molecular weight poly-B-alanine^
through a hydrogen transfer mechanism. Acrylamide monomer was found to
disappear in the initial stages of the polymerization and the unsaturated
2
dimer was isolated from the polymerization system.
There is controversy concerning the polymerization of acrylamide.
It is known that the base-catalyzed polymerization of acrylamide does
not give a vinyl-type polymer, polyacrylamide, but gives poly-B-alanine;
presumably, there occurs a polymerization with hydrogen migration. This
type of polymerization is not peculiar to acrylamide but occurs with
3 4
other monomers (ethylenesulfonamide, methylvinylketone, isobutene,
N-monosubstituted acrylamide^).
2
Several workers have been involved in the preparation of this
l'^3 6““H 3
compound. ’ Breslow £t a]^., who first studied the base-catalyzed
polymerization of acrylamide, obtained during the polymerization a
compound which was thought, on the basis of analytical data, to be
acrylamide dimer containing an acrylic double bond leading the author
to propose a mechanism for the initiation and propagation steps of the
polymerization. However, later studies^of both the Initiation and
the propagation steps of the polymerization failed to confirm the
g
presence of a product of this kind. Ogata, particularly refers to not
finding a double bond either in the product of the reaction between
acrylamide and sodium alkoxide, or in the products obtained in the
9
initial stage of polymerization. Tani eit , observed that all the
authors interested in this subject were unable to isolate acrylamide
oligomers in a sufficiently pure state for identification. The mechanism
of this reaction is fully explained in the discussion section in this
thesis.
The derivatives of acrylamide have been prepared. These include
the N-methylol,^*^ N-methoxymethyl,^^’^^ and N-isobutoxymethyl
acrylamide. At the time of this research, the derivatives of acrylamide
dimer had not been synthesized.
Numerous proposals have been advanced for the preparation of N-
alkylol unsaturated amides from the corresponding unsaturated amide
and aldehydes. In each of the proposed methods, marked disadvantages
have been found. More often than not, such disadvantages have seriously
3
hampered widespread commercial exploitation of these processes for
preparing N-alkylol unsaturated amides. In one method, an aqueous
solution of acrylamide was reacted with an aqueous solution of
20
37 percent formaldehyde to yield the methylolacrylamide. This
method was used to prepare the N-methylolacrylamide dimer. The
principal disadvantage of the procedure is that the methylol derivative
cannot be isolated directly. Thus evaporation or azeotropic techniques
must be used to concentrate the solution in order to obtain the methylol
derivative. In this azeotropic technique toxic or flammable solvents
are required in order to recover the desired product, which causes low
and unsatisfactory yields.
Additionally, acrylamide has been reacted with paraformaldehyde
in both concentrated alcohol solutions and in the presence of halogenated
solvents. While either of these methods is an improvement over the
dilute aqueous method, the use of toxic or flammable solvents in the
reaction constitutes a distinct hazard for semi-commercial or commercial
processes. In addition to the potential hazards brought about by the
use of such solvents, special equipment and precautions are required
in purification and filtration operations. Furthermore, the use of
such organic solvents on a production scale requires a solvent
recovery system in order to create an economically feasible process.
Moreover, additional processing is generally required in order to
obtain a product which is substantially free of contaminants and impurities.
Another method which has been employed for the preparation of
methylolacrylamide has been the fusion process, wherein solid acrylamide
20
has been reacted with solid paraformaldehyde. This same
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procedure, however, cannot be employed for acrylamide dimer since the
melting temperature required is higher than that of acrylamide.
Another hazard is the problem of scale-up wherein it is exceedingly
difficult to dissipate the heat of reaction. In addition, the process
is a multiple step one in that the solid methylolacrylamide dimer most
frequently has to be recrystallized in order to achieve a fairly
uniform and pure product. In this process, violent polymerization of
acrylamide dimer occurs upon fusion. Furthermore, the yields are low
and the use of toxic or flammable solvents again presents a problem.
It can thus be seen that while numerous attempts have been made,
no one particular method offers a simple or easy route to the preparation
of N-methylolacrylamide dimer. In view of the Increased importance in
recent years of the methylol derivatives of methylolacrylamide, an
attractive commercial process for its preparation is highly desirable.
Since the polymerization and copolymerization products of methylol-
21"“23 2A 25
acrylamide have wide applicability as adhesives, fibers, ’
. 26-28 29-31
^ 32-34 .. ^ , 35,36surface coatings, paper, textiles, flocculants, ’
and the like, there is a need for an economically feasible process for
its preparation without any of the attendant disadvantages and hazards.
The same uses apply to N-methylolacrylamlde dimer, which is probably
less toxic than methylolacrylamide.
37
The procedure employed to prepare the methylolacrylamide was
used to prepare the N-methylolacrylamide dimer. The preparation of
N-alkoxymethyl acid or N-alkoxymethyl acid amides from short chain
38
unsaturated carboxylic acid amides has been reported. The same
procedures for making the N-alkoxymethyl acrylamide dimer were employed.
5
24,25
Applications for the alcohol blocked N-hydroxyraethyl unsaturated
acid amides exist which are similar to those for N-alkoxymethylacryl-
amides. They are used as textile treating solutions to improve grease
retention; that is, to provide non-wrinkling "wash-and-wear” fabrics
Their copolymer latexes for film have sho^ra excellent properties on
both wood and metal. Resins formed by the polymerization of alcohol
blocked N-hydroxymethyl unsaturated acid amides are especially useful as
20-31
sizing agents for fabrics and paper. These alcohol blocked
N-hydroxymethyl unsaturated acid amide resinous copolymers can also be
readily blended with other resins such as urea and melamine resins and
26 23
epoxide resins, and the blends used for abrasion resistant coatings.
The chemistry of the preparation of alcohol blocked N-hydroxy-
39
methyl unsaturated acid amides is well kno\ra. To prepare the alcohol
blocked N-hydroxymethyl unsaturated amide, the acid amide, alcohol,














The same reaction scheme may be utilized for the preparation of
derivatives of acrylamide dimer.
0 0 0
(( H |1 oH 3-6
CH2=CH-C-NH-CH2-CH2C-NH2 + R-OH + H-C-H ■ - ^
0 0
II II
CH =CH-C-NH-CH -CH -C-NH-CH2^0R
6
There are obviously some side reactions involved in these preparative
techniques. These include the formation of a hemiformal, and the
reaction of this hemiformal with acrylamide dimer to form the
N-alkoxymethyl derivatives as shoTO below.
0
II H+
2R0H + H-C-H HO-CH„-OR
e 2
0 0 0 0
li II H+ « n
CH =Cn-C-NH-CH2-Cn -C-NH2 + HO-CH -OR CH2=CH-C-NH-CH2-CH2-C-NH-CH2-OR
Secondly, there is a possibility of the formation of methylene
bis-N-acrylamide dimer as shown in the equation below.
0 0
11 II
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0 0
Thirdly, there is a possibility of the reaction of two moles of





2CH2=CHC-NHCH2-CH2-C-NH-CH2-0H > 0 ^\ I!
CH2-NHCCH2-CH2-NH-C-CH=CH




Though these are the possible side reactions predicted, there was no
confirmed evidence of the presence of these compounds.
7
For the preparation of these Industrially important monomers, the
development of synthetic procedures and separation methods on a commer¬




A 300 ml three-necked round bottom flask fitted with an inlet and
outlet flow of nitrogen gas, electronic stirrer and thermometer, was
half filled with a mixture of sublimed acrylamide (10 g, 0.07 m) and
100 ml of double distilled dloxane. The mixture was thoroughly stirred
while continuously purged with nitrogen gas. After all the sublimed
acrylamide had dissolved, _t-butyllithium (5.0 cc) was added to the mixture
by means of a syringe. The ratio of the initiator to monomer was 1:20.
While the initiator was added dropwise, the flask was cooled in an ice
bath to a temperature less than 20°. The reaction was allowed to con¬
tinue for 7 to 24 hrs. The crude product from the dimerization was
washed with a few drops of methanol, centrifuged and the precipitate
was dried in a vacuum oven for 24 hrs. The acrylamide dimer was then
extracted from the crude product.
Extraction of Acrylamide Dimer from Crude Product
The crude product was dissolved in 150 ml hot dioxane (60°), which
was then transferred to a 200 ml three-necked flask equipped with a
thermometer. The mixture was stirred for 30 min, while the temperature
was kept at 60°. The mixture was quickly filtered with suction.
This filtering procedure was repeated three times. The filtrate was
then left to stand overnight while the acrylamide dimer crystallized.
The crystalline product was dried in vacuo at 40° for 24 hr giving
5.0 g (50% yield); m.p. 148-149°; lit. 149-150°.
'8
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A A240 Beckman infrared spectrophotometer was used to record
infrared spectra. Most spectra were obtained on potassium bromide
(KBr) pellets. Sometimes Nujol mulls were prepared. A 90 MHz
Perkin Elmer R-32 Nuclear Magnetic Resonance Spectrometer was used to
record the nmr spectra. Melting points were determined using a Thomas
Hoover melting point apparatus and were uncorrected. A Waters Model
100 Gel Permeation Chromatograph was used for GPC Analysis.
Ir (KBr): 3520 and 3360 (NH2), 3180 (NH2 Assym. stretch), 2950 and
2800 (C-H), 1652 (0=0), 1622 (C=C), 950 and 980 cm“^ (C=C); nmr (D2O):
6 2.60 (t, 2, CH2-C-), 3.50 (t, 2, CH2-NH), 6.0-6.6 (m, 2, AB part of an
^A\ ^^C);ABC system ^C = C ), 5.81 ppm (dd, 1, C part C “ C
nmr (DMSO): 6 6.71 and 7.25 (s, broad, 2, NH2), 8.05 ppm (S, 1, NH) .
Anal. Calcd. for CgHj^QN202: C, 50.61; H, 7.12; N, 19.67.
Found: C, 50.35; H, 7.12; N, 19.67.
N-Methylolacrylamlde Dimer
Previously prepared acrylamide dimer (10 g, 0.07 m) was dissolved
by warming in deionized water (11 g) containing a very small amount of
methoxyhydroquinone, a free radical inhibitor, in a 100 ml three-necked
round bottom flask fitted with a stirrer, a thermometer, a glass
electrode for monitoring pH and a heating mantle. The solution was
adjusted to pH 9.5 by adding two drops of triethylamine. Paraformalde¬
hyde (2.15 g) was charged into the solution and the pH readjusted to
9.5. The temperature was steadily raised to 60° while the mixture was
thoroughly stirred. After all the paraformaldehyde had dissolved the
reaction was allowed to continue at 60° for 3 hr while the pH was
maintained at 9.5. The reaction mixture was filtered when necessary.
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The product was isolated by seeding, cooling and centrifugation.
It was dried in vacuo at 35° giving 9.6 g (96% yield) of N-methylol-
acrylamide dimer; m.p. 109-155°.
Ir (KBr): 3200 (shoulder 0-H), 1652 (C=0), 1622 (C=C), 940 and 792
0
(CH2), and 720 cm (N-H wag); nmr (DMSO): 6 8.05 (S, 1, broad, fc-NH-),
8.40 (S, 1, broad, -NH-CH2-OH), 4.50 (complex mult., 2, CH2-OH), 4.95
(S, 1, CH„-0H), 3.3 (m, 2, CH,-NH-), 2.4 (m,
.He
(m, 2, AB part of an ABC system C=C )
2, CH2-C), 6.0-6.6
5.81 ppm (dd, 1, C part
Anal. Calcd. for C2Hj^2H203= C, 48.83; H, 6.97; N, 16.27.
Found: C, 48.22; H, 7.11; N, 16.03.
N-Methoxymethylacrylamide Dimer
A solution of acrylamide dimer (10 g, 0.07 m) and of paraformaldehyde
(2.15 g) in deionized water (11 g) containing methoxyhydroquinone (0.002 g)
were reacted in a 100 ml three-necked round bottom flask fitted with a
stirrer, thermometer, a glass electrode for monitoring pH and a heating
mantle. Triethylamine (2-3 drops) was added to the mixture to bring the
pH to 9.5. The mixture was stirred at 60° for 4 hr after which 60 ml
of methanol were added to the solution mixture. Two drops of 30%
sulfuric acid in methanol were added to the solution bringing the pH to
2.5. The mixture was refluxed at 70° for 8 hr. The final product was
cooled to 0° and then half of the product mixture was evaporated
under the hood to obtain a crystalline substance whose melting point
could not be determined since it decomposed upon heating at about 100°.
The product was obtained in 85% yield.
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Ir (KBr): 2920 and 2895 (-CH and CH str.), 1070 (C-O-C), and
p
910 cm (C-O-C); nmr (DMSO) : 6 8.2 (S, 1, broad, NH-(?), 8.6 (S, 1, broad,
0 \
C-NH-CH2OCH2), 5.6 (dd, 1, C part part
H*
of an ABC system .,C=C
Mr
H
), 3.20 (S, 3, OCH3), 4.55 (S, 2, -CH,-0-),
B 0
U
3.3 (m, 2, CH2-NH-), and 2.4 ppm (t, 2, CH2-C-).
Anal. Calcd. for CgH^^N202: C, 51.61; H, 7.52; N, 15.05. Found:
C, 48.86; H, 7.45; N, 15.08.
N-Isobutoxymethylacrylamlde Dimer
A 100 ml three-necked round bottom flask, fitted with a stirrer, a
thermometer, a glass electrode to monitor the pH and a heating mantle
was set up. The same relative proportion of reagents as that used for
preparing the N-methoxymethylacrylamide dimer was used instead of
methanol. The reaction conditions were the same. The final product was
obtained by recrystallization and dried in a vacuum oven at 35® giving
8.0 g (80% yield): m.p. 80-85°. Its solubility in different organic
solvents was determined.
Ir (KBr): 3285 (Iffl), 3070 (NH stretch), 2960 (-CH-), 1650 (C=0),
CH3
1625 (=C), 1545 (C-N-H), 1465 (-CH^-CH-), 1385 and 1365 (gem -C-CH„) and^
Vi
1075 cm ^ (C-O-C); nmr (DMSO): 6 8.1 (s, 1, NH-C-0-), 8.7 (t, 1, NH-CH ),
p
1.75 (m, 1, -CH-(CH2)2)» 0-85 (d, 6, (CH3)2CH-), 2.4 (m, 2, CH2-C-),
-Hr
3.3 (m, 2, CH2-NH), 4.5 (d, 2, NHCH2O), 5.6 (dd, 1, C part ^C=C




Anal. Calcd. for C^^H2qN203: C, 57.89; H, 8.77; N, 12.28.
Found: C, 52.43, H, 8.14; N, 12.27.
Polymerization of N-Methylolacrylamlde Dimer
A 100 ml round bottom flask was charged with a small amount of
potassium sulfate (2.0 g) and sodium bisulfate (1.2 g) and N-methylol-
acrylamide dimer (5.0 g). The reaction was continuously stirred at
58° for 1 hr. This material was not analyzed but it did appear to be
a polymer because of its jellylike viscous character.
Gel Permeation Chromatography Analysis
The gel used was Sephadex G-10. The element was 0.1% NaNO^
solution, and the acrylamide dimer and derivatives were obtained by
extraction with dloxane from oligomeric mixtures.
A Waters Model 100 gel permeation chromatograph equipped with a
Hitachi double beam spectrophotometer Model 124 was used.
Calibration: The calibration of Sephadex G-10 columns for this
work was obtained by measuring the peak elution for a series of mono-
disperse polyacrylamide covering the range of a few hundred molecular
weight.
Molecular Weight: Molecular weights of the acrylamide dimer
derivatives were estimated from the plot of elution volumes vs. logarithm
of molecular weight based on the elution count position of each
derivative.
RESULTS AND DISCUSSION
The low molecular weight fractions of acrylamide dimer and
derivatives obtained were characterized by infrared, nuclear magnetic
resonance, and GPC analysis to determine chemical species present.
Acrylamide Dimer
In the dimerization of acrylamide, the clear solution changed to
milky after three hours. \'Jhen the solution of the crude product in hot
dioxane at 60® was first filtered, a clear filtrate solution was observed,
but after standing overnight a crystalline white precipitate was formed.
The crude product obtained was yellowish-white in color, while the
acrylamide dimer appeared as white flakes with a melting point of
148-149° as mentioned earlier.
The infrared spectrum of the crystalline compound showed peaks at
950 cm ^ and 980 cm ^ which can be attributed to the C-H bending vibra¬
tions on a C-C double bond. The peak at 1555 cm ^ is characteristic of
the secondary amide group. The peak at 1635 cm ^ is the primary amide
band as shown in Figure 1.
The structure of the acrylamide dimer obtained by oligomerization





C=C - C - NH - CH
\
B
on the basis of the spectra in Figures 2 and 3.
In Figures 2 and 3, shows as a doublet of doublets
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Fig- !• IR Spectrum of Acrylamide Dimer.
-5 g
--1
Fig. 2. NMR Spectrum of Acrylamide Dimer Using D2O as Solvent.
Fi£^. NMR Spectrum of Acrylamide Dimer Using DMSO as Solvent
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centered at 6 5.81. The AB parts which show 6-8 lines between




ABC ( ^C=C ) system. The identity of protons A and B is thus
established. The one proton quartet centered at 5.81 ppm is attributed
to the methine proton on the basis of a precise correlation chart and
the fact that its coupling with the methylene protons would result in
a quartet.
The two high field resonances in Figure 2 were designated as 3-CH2
and a-CH2, centered at 3.50 ppm and 2.60 ppm, respectively, because they
originated from the 3 and a methylene groups of the 3~alanine spectra.
The assignment of the methylene resonances was possible because their
chemical shifts agreed exactly with the chemical shifts of the
corresponding methylene resonances of N-acetyl-3-alanine-N'-methyl amide
(CH2-CONHCH2CH2CONHCH2), where the assignment was made by comparing
splitting patterns of the N-deuterated and non-deuterated forms.
The amide protons, COI'JH, do not give any distinguishable resonances
when D2O is employed as solvent. This is due to the fact that D2O
forms a weak hydrogen bond with the free CONH protons. As we shall
see later, the exchange process is extremely slow when dimethyl sulfoxide
(DMSO) or trifluoroacetic acid (TFA) is used. Reasons and supportive
evidence will be presented to substantiate these observations.
The ir spectra of acrylamide dimer shown in Figure 1 gives further
qualitative information about its structure. The spectrum of acrylamide
dimer is similar to that observed for polyacrylamide and is therefore
consistent with the conclusion that this oligomer is a dimer. In
16
addition to the expected trans-NH stretching adsorption at 3360 cm
-1 -1
and 3260 cm , the acrylamide dimer has a shoulder at 3180 cm arising
from cis-NH stretching. Since secondary amides are expected to be
trans, the latter adsorption must originate from primary amide groups.
Absorptions at 1266 cm ^ and 950 cm ^ were based on the vinyl end
group. Absorption at 980 cm ^ was the same as that of original
acrylamide.
The ir spectrum also shows a sharp peak at 1652 due to 0=0.
The secondary amide II band at 1550 cm ^ of the acrylamide dimer is
relatively weak as compared to polyacrylamide because of the much lower
3-alanyl content of the dimer.
In the nmr spectrum (Fig. 3) of acrylamide dimer in which DMSO
was employed as solvent the signals centered at 6.71 ppm and 7.25 ppm
were designated as NH2 because they originated from primary amide protons.
The chemical shift of the single NH resonance of acrylamide dimer
appeared at 8.05 ppm.
The assignment of these resonances was made by comparison with the
nmr spectrum of polyacrylamide. The broadening of the amide peaks
is evidently due to the increasing rate of internal rotation about the
44
C-N bond, as discussed by Bovey and Tiers. That the amide protons gave
well resolved resonances in DMSO is due to the fact that this solvent has
no labile protons and tends to retard intermolecular exchange of solute
protons by forming strong hydrogen bonds with them.






Interestingly enough, we shall see how the percent of g-alanyl
content varies with the solubilities of the acrylamide dimer derivatives
in various solvents of differing polarities. It should be also noted
that ir peaks of acrylamide dimer between 1400 cm ^ and 1100 cm ^
are artifacts arising from solvent adsorption.
N-Methylolacrylamide Dimer
The reaction for preparing this derivative was conducted in a basic
medium using triethylamine. It was necessary to use triethylamlne in
order to avoid formation of carboxylic acid and to depolymerize the
paraformaldehyde. The basic equation for this reaction is as follows:
0 0 0
K li II








It should be noted that a small trace of methoxyhydroquinone, a
free radical inhibitor, was introduced in order to prevent free radical
polymerization. Before the reaction medium was adjusted to a basic pH
with a few drops of triethylamine, the mixture was acidic (pH 2.0). The
paraformaldehyde used dissolved completely in approximately 40 minutes,
though a trace of free formaldehyde (1%) was found at the end of the
reaction. A 90% yield of the white crystalline product was obtained.
The melting point was 109-110°.
Peak assignments and chemical shifts relative to TMS are shown
in Figure 4. Comparison of Figures 3 and 4 shows how the nmr spectrum
becomes complex once the CH2OH group is incorporated into the polymer.
The peaks centered at 6 = 4.50 ppm appearing as three overlapping
triplets, is due to the CH2OH proton, and the methine proton ^C=CH here
18
Fig. 4. NMR Spectrum of N-Methylolacrylamide Dimer.
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appeared as a doublet of doublets of equal intensity which is in
agreement with polymers made with free-radical initiator. The peak
centered at 6 = 4.95 ppm is due to the hydroxyl proton.
Because the B-methylene spectrum is not very informative, primary
reliance has been placed on infrared measurements. The nmr spectrum
(Fig. 4) exhibits no peaks due to amide protons found in the spectrum
of acrylamide dimer (Fig. 2 & 3). This gives important information
and evidence as to the probable existence of N-methylolacrylamide dimer
and is supportive of the proposed mechanism discussed later. From the
integrated curves, the relative intensity of all peaks were 1:1 ratio.
The assignment of the nmr signal and the integration curves of
N-methylolacrylamide dimer correlate with the expected structure.
The ir spectra of the N-methylolacrylamide (Fig. 5) indicates that
the secondary amine exhibits a sharp NH stretching vibration at
3290 cm ^ and a weak shoulder at 3200 cm ^ due to OH stretching. No
evidence of absorption due to primary amide was found. The absorption
band at 1620 cm due to C=C, is much sharper than in acrylamide dimer.
This is indicative of C=C groups conjugated with certain unsaturated
groups.
Therefore, on the basis of the peak assignments, one would predict
a structure as U «
CH2-CH-C-NH-CH2-CH2-C-NH-CH2OH.
The equation for this reaction is shown below.
0 Q Q H 0' Q OH
U ij Basic ^ 1 U ^
-CH2-C-NH2 + H-C-H > -CH2-C-1^-^-H —^ -CH2-C-N-(j:-H
H H H H
20
N-Methoxymethylacrylamlde Dimer
The synthesis of N-methoxymethylacrylamide dimer is quite similar
to the preparation of N-methylolacrylamide dimer except that after the
N-methylol was obtained, an excess amount of methanol was added to the
reaction mixture without Isolating the N-methylolacrylamide dimer. The
temperature was slightly higher and the reaction proceeded for 7-16 hr.
The reaction mixture was kept acidic (pH 2.3) by introducing a small
amount of 3 percent sulfuric acid in methanol. The reaction is acid
catalyzed. The important conditions are time, the acidity of the medium,
and the temperature. The final product (9 g) was obtained in 71% yield.
9 R 9 (CoHj.N Q fi








The nmr spectrum of N-methoxymethylacrylamide dimer (Fig. 6) shows
the methoxyl proton peaks at about 6 = 3.20 as a singlet. The methylene
0
II
proton, CH2C, signals are centered at 2.40 ppm and appear as a triplet.
The remaining peak assignments are similar to that of the starting
monomer (Fig. 2).
It should be noted here that in the nmr spectrum of N-methoxy¬
methylacrylamide dimer, weak, diffuse, and broad peaks due to NH2
signals appeared at 8.2 ppm and 8.6 ppm, indicating that a certain
0 0
percentage (ca. 30%) of the starting monomer (CH2=CH-C-NH-CH2-CH2-b'-NH2)
remained unreacted. This observation is in agreement with the calculated
Fig. 7. IR Spectrum of N-Methoxymethylacrylamlde Dimer
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percent yield of the N-methoxymethylacrylamide dimer.
In the ir spectrum (Fig. 7) of N-methoxymethylacrylamide dimer,
two NH stretching vibrations appearing at 3550 cm ^ and 3180 cm ^
originate from primary amine and the absorptions at 3300 cm ^ and
3200 cm ^ are due to NH stretching vibrations of the secondary amine.
The presence of NH stretch due to primary amine further confirms
the observation in the nmr spectrum (Fig. 8) that there exists a certain
percentage of unreacted acrylamide dimer.
Other prominent ir absorptions at 1070 cm ^ are due to ether
groups (C-O-CH^), and at 2920 cm ^ to C-H stretch. Other peak
assignments are consistent with that found in acrylamide dimer.
Thus, the proposed structure of N-methoxymethylacrylamide dimer is
consistent with the ir and nmr peak assignments.
A detailed reaction mechanism for this reaction is still under
investigation, but for the time being, the reaction mechanism can be
explained as follows. The explanation for obtaining the N-methylol
applies in this case. After the N-methylol is formed, there is a
protonation of the hydroxyl group in dilute acid solution, which yields
a good leaving group, H2O. As soon as the H2O leaves, a carbonium ion
is formed and there is a subsequent attack by methanol with the



































As mentioned before, this is a proposed mechanism but there have
been no mechanistic studies of this reaction.
N-Isobutoxymethylacrylamide Dimer
The preparation of N-isobutoxymethylacrylamide dimer follows the
same reaction scheme as that of the N-methoxymethyl derivative. The
reaction scheme is as follows:
0
"^2
00 /o II \ M 0
II II (C2H5)3N II n
















The reaction time for preparing the isobutoxy derivative was longer.
All other conditions were Identical with those for the preparation of
the N-methoxymethyl derivative. A small amount of unreacted acrylamide
dimer was also reported to be present. The compound obtained (8.0 g,
80% yield) started melting at 80° and completely melted at 85°.
Figure 8 shows the spectrum of N-isobutoxymethylacrylamide dimer
The methylene protons, NHCH2O, appear as a 1:1 doublet at 6 = 4.5 ppm
due to the coupling with their single neighbor. The six methyl protons
appear as a 1:1 doublet at 6 = 0.85 ppm for the same reason.
The methine proton, CH(CH2)2, appears as a weak complex multiplet
24
Pig. 8. Nl'lR Spectrum of N-lsobutoxymethylacrylamide Dimer.
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centered at 6 = 1.70 ppm. The complex multiplets are due to slightly
different couplings with its six and two neighbors.
Signals due to other protons are similar to those of acrylamide
dimer (Fig. 2) except for a very small change in 6 value. Evidence
for the presence of unreacted acrylamide dimer (ca. 20%) in Figure 6
exists because NH2 protons gave signals at 6 = 8.1 ppm and 6 = 8.7 ppm
which are characteristic of starting monomer (acrylamide dimer).
The ir spectrum (Fig. 9) of N-isobutoxymethylacrylamide dimer gave
absorption peaks at 3285 cm NH stretching vibration arising from a
secondary amine, and at 3070 cm ^ NH stretch due to primary amine
vibration. This observation lends further credence to the fact that
a certain percentage of the starting monomer remains unreacted.
Major and prominent absorptions at 2960 cm ^ and 2890 cm ^ are due
to C-H assymetric stretch and the one at 1075 cm ^ is a C-O-C band,
respectively. Other absorption peaks are similar to those found in
Figure 7. Therefore, we concluded that the proposed structure shown below
0 0
CH2=CH=C-NH-CH2-CH2-C-NH-CH2-0-CH2-CH(CH2)2
is consistent with the spectroscopic analysis.
It should be noted that in all of the nmr spectra (Figs. 5-9),
there appear spurious peaks probably due to impurities rather than to
a spinning sideband since they are too intense.
Elemental Analysis
The calculated microanalytical data for the acrylamide dimer, and
its derivative dimer, are in good agreement with found values, except
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for the two cases where there exist marked differences in carbon content
value for N-methoxymethyl acrylamide and N-isobutylacrylamide dimers.
The reasons for the low carbon content are unclear but may be due to
impurities caused by the unreacted acrylamide dimers or by thermal
decomposition of products.
Solubility
From Table 1, the solubility of the acrylamide dimer and its deriva¬
tives decreases as the percent 6-alanyl content increases. If we assume
the effective size (3 carbon units) of acrylamide derivative is equal to
one g-alanyl derivative, it will be found in the case of H2O that the
N-isobutoxylacrylamide dimer is slightly soluble in H2O due to
increased 6-alanyl content.
In dioxane the acrylamide dimer and derivatives are insoluble
because they form strong hydrogen bonds, while the isobutoxyl and
methylolacrylamide dimer is slightly soluble due to formation of a weak
hydrogen bond and extensive branching.
In DMSO, all the acrylamide dimers are soluble. This is due to
the dipolar character of the sulfoxide group which is capable of greater
solvation. On the other hand, the increase in temperature reverses the
order of solubility as shown in Table 1. This may be due to the decrease
in forces at a slightly elevated temperature which increases solubilities.
GPC and Molecular Weight Measurement
To obtain a better understanding of this polymerization process and
to measure the molecular weights of various acrylamide dimer derivatives.












Acrylamide dimer 142 148-150 + 0 + + + - - 0
N-Methylolacrylamide 172 109-115 - + + + -55° -
-
dimer +
N-Methoxymethyl- 186 d + + + + + + + 0
acrylamide dimer
N-Isobutoxymethyl- 228 80- 85 + -50° - + + -40° -40° -50°
acrylamide dimer + + + +
Solubility: (+) = soluble, (-) insoluble, (0) = slightly soluble at room temperature.
Viscosity of acrylamide dimer “ 0.02 (inherent viscosity) .
d = decomposition
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gel permeation chromatographic analysis was employed.
In this thesis, we report and discuss results obtained by GPC
separation of linear oligomers. It is presumed here that the reader is
familiar with the general theory and application of GPC; consequently,
only those aspects of the technique which apply directly to acrylamide
oligomers will be discussed.
Quantitive calibrations based on elutions of the reference
compounds are shown in Figure 10 where the plot of elution volumes (V^)
versus logarithm of molecular weight of the monomer and oligomers of
acrylamide fitted the positions for the molecular weight of the
derivatives and a linear relationshop was obtained.
The elution volumes and estimated molecular weights of the linear
monomers and oligomers on the gel are presented in Table 2.
From the GPC chromatogram (Fig. 11) of isobutoxylacrylamide dimer,
it can be seen that the polymerization mixture does not show the presence
of products excluded from the gel. Therefore, linear oligomers higher
than a trimer may be formed at this stage only in a negligible amount.
Here, the dimer and the tert-butoxide catalyst were found in significant
amounts. In fact, the elution count (47 ml) position represents the
tert-butoxide catalysts.
In the GPC chromatogram (Fig. 12) of N-methoxymethylacrylamide
dimer, the amount of higher oligomers is more than that of the lower
oligomers. According to Flory's theory, the content of higher oligomers
44
would be expected to increase with increasing degrees of polymerization.
29
Fig, 10. Calibriifion Curve for CPC of Derivatives of Acrylamide Dimer
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Table 2. The Elution Volumes Vg (ml) of Linear Acrylamide Dimer
and Derivatives.
Peak Position Estimated
Oligomer Elution Volumes Molecular









N-methylolacrylamide 41 150 dimer
dimer
35.8 230 trimer
Acrylamide dimer 40.5 159 reference
dimer
NO. 11-134-132 gjirrggffiiWa tUifirm 65iap>«: cof<Tsot.s coBtoaaTioN Bur«m<.i
Hg. 11. (;{>(; pf Extract of I.sobutoxymethylac.ry]amide Dimer in 0.5% NaNO
CO-sTPCCS COiJPO^ATJON 8l>n^i.a >0«K
Fig. 12. GPC of Extract of a N-Mothoxymethylacrylamlde Dimor
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From Fig. 12, at elution count of 22 ml, there appears evidence of higher
oligomers, and at elution count of 35.8 ml, a trimer oligomer is evident,
with the dimer derivative appearing at elution count of 40 ml. From the
results in Table 2, it would appear that higher oligomers were successfully
extracted from the polymer and in the case of N-methoxymethyl acrylamide,
the GPC chromatogram indicates an extensive polymerization reaction time.
The GPC chromatogram (Fig. 13) of N-methylolacrylamide dimer shows
a negligible amount of the dimer and a significant presence of the trimer
oligomer at elution count of 36 ml. This shows that the polymerization
rate was much more extensive and indicates an almost complete conversion
of the dimer derivative to higher oligomers.
These results indicate that the dimer and the trimer are the most
evident linear products formed, while there is still a large amount of
residual acrylamide and catalyst employed.
In Figure 14 the GPC chromatogram of a mixture of acrylamide demon¬
strates good resolution in the fractionation of a mixture of linear
monomer and oligomers. The chromatogram shows a large amount of
residual acrylamide and a tail appears in the chromatogram showing
the presence of a small amount of unresolved products (V^ = 52 ml).
The shoulder peak appearing at elution count of 52 ml might be due to
a branched oligomer. These indicate that the dimer is likely to undergo







Fig. 13. GPC Extract of N-Methylolactylamide Dimer.
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Fig, 14. GPC Extract of a Mixture of Polyacrylamide
CONCLUSION
Attempts were made to prepare N-methylenebisacrylamide dimer and
N-ethoxymethylacrylamide dimer. The attempted preparation of methylene-
bisacrylamide dimer involved the reaction of 5g (.035 M) of acrylamide
dimer with 1.89g of paraformaldehyde dissolved in 10 ml of water, using
triethylamine to adjust the pH to 9.5. Methoxyhydroquinone was used as
a free radical inhibitor. The reaction time was four hours at 50°.
After four hours, without isolating the product, 5g of acrylamide dimer
were added and the pH was readjusted to 2.3 with a few drops of 30% H2S0^
and the reaction mixture was refluxed for eight hrs at 70°. The ir and
nmr spectra revealed that the product contained N-methylolacrylamide
dimer, acrylamide dimer and methylenebisacrylamide dimer. By modifying
this procedure, with the appropriate conditions, there is a good
possibility of making the methylenebisacrylamide dimer.
In the case of the N-ethoxymethylacrylamide dimer, the same
procedure for preparing the N-methoxymethylacrylamide dimer can be used,


















Applications of the monomers prepared were not tested except
for the polymerization of the N-methylolacrylamide dimer. For the
future, these compounds could be as useful as derivatives of
acrylamide and probably less toxic. They are all new compounds.
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